Background: Relationships between an organism and its environment can be 21 fundamental in the understanding how populations change over time and species arise. 22 Local ecological conditions can shape variation at multiple levels, among these are the 23 evolutionary history and trajectories of coding genes. This study examines the rate of 24 molecular evolution at protein-coding genes throughout the genome in response to host 25 adaptation in the cactophilic Drosophila mojavensis. These insects are intimately 26 associated with cactus necroses, developing as larvae and feeding as adults in these 27 necrotic tissues. Drosophila mojavensis is composed of four isolated populations 28 across the deserts of western North America and each population has adapted to utilize 29 different cacti that are chemically, nutritionally, and structurally distinct. 30
significantly less (Additional file 2: Figure S6 ). Similarly to what was observed for gene 179 length, genome-wide, loci with fewer exons tended to have greater levels of ω, with the 180 highest observed was from loci having two exons, then those with either only one or 181 three exons, followed by those having four to six exons and lastly those with seven or 182 more (Additional file 2: Figure S7 , Table S4 ). TOP10 loci were overrepresented in the 183 one and two exon categories and underrepresented in the more than seven exon Relationship between expression and rate of molecular evolution 188 To assess the relationship between expression level and rate of molecular 189 evolution we integrated our results with previous collected RNAseq data from D. 190 mojavensis [47] . When examined genome-wide, genes with male-biased expression 191 had significantly greater ω values than female-biased (Tukey HSD, P < 0.001) and 192 unbiased (Tukey HSD, P < 0.001) expressed genes, and female-biased genes had the 193 lowest rate (Tukey HSD, P < 0.001) of molecular evolution of all three expression 194 categories (Additional file 2: Figure S10 , Table S5 ). Among the TOP10 loci, there was a 195 significant representation of them in the male-biased group of genes and a significant 196 underrepresentation in the female-biased genes (Fig. 4) . No significant over-or 197 underrepresentation was observed among the PAML-FDR genes with respect to the 198 sex biased expression categories (Additional file 2: Figure S11 ). Expression data was 199 also used to assess the relationship between overall expression level and rate of molecular evolution. After removing both the female-and male-biased genes, we 201 observed that of the 5,101 remaining loci those in the lowest expression category 202 showed the greatest ω values (Additional file 2: Figure S12 , Table S6 ). Similarly the 203 TOP10 loci were overrepresented among the low expression category of loci and no 204 differences were observed among the expression categories of the PAML-FDR loci 205 (Additional file 2: Figures S13 and S14). 206 We also integrated our genomic data with two prior ecological transcriptional 207 studies. We compare rates of molecular evolution of loci that are differentially expressed 208 in response to cactus host utilization [43] as well as those loci who exhibit fixed 209 significant expression differences between the four host populations in the absence of 210 cactus compounds (i.e. constitutive differences) [44] . To remove the potential 211 confounding effect of those loci that show a pattern of positive selection, we removed 212 those loci from the subsequent expression analysis. For both datasets, loci that are 213 either differentially expressed in response to necrotic cactus (P < 0.001 post FDR 214 correction) or those that show constitutive differences between the populations (P < 215 0.001 post FDR correction) have a significantly greater value of ω (ANOVA, P < 0.001, 216 for both comparisons) (Additional file 2: Figures S15, Table S7 ).
218
Functional gene groups analysis 219 Of our 9,087 genes in our filtered dataset, approximately 14% (1,238) genes did 220 not have orthologous calls back to loci in the D. melanogaster reference genome 221 (Additional file 2: Figure S16 ). Of the remaining set of genes with D. melanogaster orthologs, less than half of the genes (3,649) had at least one gene ontology (GO) term.
223
The percentage of loci without D. melanogaster orthologous in the TOP10 and PAML-224 FDR genes was greater (40% and 23%, respectively). Overall only 336 and 144 loci 225 had at least one GO term for the TOP10 and PAML-FDR datasets, respectively.
226
Clustering of biological process and molecular function GO terms within the TOP10 and Table S11 . Among molecular functions, in the TOP10 dataset, serine endopeptidase 235 activity appeared to be overrepresented (Additional file 2: Table S8 ). In this study we sequenced, assembled and analyzed the genomes of each of 239 the four cactus host populations of D. mojavensis for the purpose of assessing the 240 genomic consequences of the adaptation to local ecological conditions. Overall we 241 were able to analyze the sequence, pattern of divergence and structure of 9,087 genes. shaping genome evolution between diverged species can also be observed between 291 recently isolated populations within species.
292
The first comparative genomic study within the D. melanogaster group species 293 [56] observed an association between coding length and ω, which they partially 294 attributed to a positive correlation between Ks and protein length. Longer genes have 295 more of these mutations and this may explain in part why genes with high ω values are 296 likely to be shorter. In this study we did not observe such correlation, in fact the 297 relationship is negative (P < 0.001), but explains very little of the variation in Ks (r 2 = 298 0.004) (Additional file 2: Figure S21 ). Therefore, it is difficult to infer the effect of the 299 association between Ks and protein length, and the lack of positive correlation might be 300 a function the close relationship between the genomes studied here. The negative 301 association between intron number and rate of molecular evolution has been previously 302 suggested to be due to the presence of exonic splice site enhancers which help in the 303 correct removal of introns from the transcription sequence. As mutations in these 304 regions are more likely to be conserved changes here could cause an intron to not be 305 removed or part of an exon to be removed instead [57] . The link between intron 306 presence and ω values may also help explain why TOP10 genes tend to be shorter as 307 long genes are more likely to have introns [58] . The correlation between gene length 308 and rate of molecular evolution could also be explained as a result of the increased 309 level of interactions between sites in larger exons [59] . In this study a negative 310 correlation between ω and exon length (r 2 = 0.08, P < 0.001) was observed (Additional 311 file 2: Figure S22 ). These interactions between residues of a protein, commonly refer to as Hill-Robertson interference [60] , have a tendency to buffer against the accumulation 313 of amino acid substitutions.
314
Highly expressed genes tend to have a higher level of constraint as indicated by test (see Table S2 ). Table S3 ). Table S11 . Table S2 ). Table S3 ). Table S11 . 
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